arginase, which is found in both cortex and medulla. The data suggest that the kidney is more a gluconeogenic organ than the site of substantial amino acid catabolism and that the kidney may be a source of endogenous arginine.
high-protein diet; hydrocortisone; enzymes IT HAS BEEN NOTED that perfused liver and kidney or tissue slices of rat or mouse liver and kidney can readily utilize lactate, pyruvate, and glycerol to glucose as glucose precursors ( 14, 18-20, 29, 34, 36, 43) . However, even though perfused liver can utilize alanine (20, 34), perfused kidney apparently cannot (3) and, while liver slices (20, 43), kidney slices (18, 19, 43) , or perfused kidney (29) can readily convert aspartate and glutamate to glucose, there is very little conversion of these two amino acids in the perfused liver (34, 36). Since rat liver contains all the necessary enzymes to convert either aspartate or gluta.mate to glucose, it has been suggested that the relatively low rates of conversion of aspartate and glutamate to glucose by perfused liver may be due to low permeability of the liver to these amino acids (34, 36). The q uestion then arises whether the apparent inability of rat kidney to convert alanine to glucose is also due to low permeability or to the absence of glutamicpyruvic transaminase from the kidney. It has also been noted that under certain gluconeogenic conditions, such as the feeding of a high-protein diet or the administration of exogenous glucocorticoids, the adaptive changes in rat liver enzyme activities tend to favor both gluconeogenesis and amino acid catabolism. Under such conditions the activities of four physiologically unidirectional gluconeogenic enzymes (glucose 6-phosphatase, fructose 1,6-diphosphatase, phosphoenolpyruvate carboxykinase, and pyruvate carboxylase) (7, 8, 15, 16, 2 1, 40, 45) , the activities of several transaminases (7, 9, 12, 22, 28, 32, 35, 37, 39, 42, 44) , serine dehydrase (5, 7, 13, 37) , and the activities of urea cycle enzymes ( 1, 10, 25, 37, 38) After receipt rats were equilibrated to laboratory conditions for a period of at least 4 days, and they were fed a commercial laboratory preparation (Purina rat chow) purchased from the Ralston Purina Company of St. Louis, Missouri.
In one experiment animals were divided into five groups and were treated as follows. One group received a diet for 4 days containing 90% glucose, 5 % corn oil, 4 % Philips-Hart salt (3 l), and 1 % vitamins (2). Two groups were fed a diet for 4 days containing 65 % glucose, 25% casein, and corn oil, Philips-Hart salt, and vitamins, and two more groups were fed a diet containing 90% casein for 4 days, and corn oil, salt mixture, and vitamins.
In addition, one of the groups fed the 65 % glucose diet and one of the groups fed the 90% casein diet were injected intraperitoneally for 4 days with 5 mg/day of hydrocortisone acetate (suspension USP, Invenex, San Francisco).
In another experiment it was decided to investigate the possible distribution of the kidney enzymes between cortex and medulla.
Rats were killed by a sharp blow to the head and decapitation
The preparation of kidney homogenates for enzyme assay was the same as the procedure used with liver (4). Kidney protein values (both total and soluble) were determined by a modified biuret procedure (27). The assay procedures for glucose 6-phosphatase (8), fructose 1,6-diphosphatase (4 1 ), phosphoenolpyruvate carboxykinase (30), glutamic-pyruvic transaminase (9), glutamic-oxaloacetic transaminase (9), serine dehydrase ( 5)) tyrosine-a-ke toglutarate transaminase (23), glucose 6-phosphate dehydrogenase (6), and the urea cycle enzymes (6) have been previously described.
Enzyme activity is expressed as units per 100 g fore, that the control mechanism regulating phosphoenolbody weight.
The justifications for reporting enzyme acpyruvate carboxykinase activity in the kidney is subject to tivity in this manner have been previously discussed (4, 7). a dual influence.
RESULTS
Eject of diets and hydrocortisone on rat kidney. Relative kidney size (g of kidney/l00 g body wt) was not decreased by the high-carbohydrate, protein-free diet in comparison to the 65% glucose diet, but was increased by cortisol in rats fed the 65 % glucose diet, as well as by the high-protein diet, and cortisol administration resulted in no further increase in the animals fed the high-protein diet (Table  1 ). The level of total kidney protein was affected in a similar manner; there was no noticeable decrease due to feeding the high-carbohydrate, protein-free diet, while either cortisol or the highprotein diet caused an increase, the two effects not being additive.
Soluble kidney protein was increased only by cortisol and then only in the rats fed the 65 % glucose diet.
Of the three transaminases studied, the activities of glutamic-pyruvic transaminase and tyrosine-a-ketoglutarate transaminase were too low to measure even in rats fed the high-protein diet and treated with cortisol. This indicates that alanine and tyrosine probably have no significant role as precursors of glucose in the kidney. Indeed, in the case of alanine it has been reported that this amino acid does not increase the rate of gluconeogenesis in perfused kidney (3). We were also unable to show any serine dehydrase activity under the conditions employed. These findings corroborate earlier work by Freedland and Avery (5).
Of three physiologically unidirectional gluconeogenic enzymes studied in these experiments only the activity of phosphoenolpyruvate carboxykinase was reduced by feeding the protein-free diet. The activities of all three enzymes (glucose 6-phosphatase, fructose 1,6-diphosphatase, and phosphoenolpyruvate carboxykinase) were increased by either cortisol or the high-protein diet. In the case of glucose 6-phosphatase the stimulation in activity by cortisol or dietary protein was about equal, and the two effects were not additive. Fructose 1,6-diphosphatase activity was stimulated more by dietary protein than by cortisol, and again the cortisol and protein stimulations were not additive. In the case of phosphoenolpyruvate carboxykinase, activity was increased more by the high-protein diet than by cortisol, but the two effects seemed to be additive* It appears, thereGlutamic-oxaloacetic transaminase activity was demonstrated in all animals, but the activity of the enzyme was increased substantially only in hydrocortisone-treated rats fed the high-protein diet (Table  2) . Although the level of this enzyme appears to be low in rats fed the 65 % glucose diet and not given the hormone, we attribute this effect to a possible and slight experimental error. Subsequent experiments suggest that this was indeed the case; activity of glucose 6-phosphate dehydrogenase was not altered substantially by any of the treatments. It was of special importance to examine the responses of rat kidney urea cycle enzymes to these dietary and hormonal stimuli.
Rat kidney arginase activity was not increased when compared in rats fed the 90 % or 65 % glucose diet (Table  2 ). There was, however, a 2.5-fold increase in this enzyme in rats fed the 90% casein diet. The effect of hydrocortisone acetate was to increase arginase activity by 80 % in rats fed the 25 % casein diet, but the effect of the hormone in rats fed the 90% casein diet was negligible. Arginine synthetase activity was increased both by dietary It appears, therefore, that the urea cycle enzymes of the kidney respond to gluconeogenic stimuli in a manner similar to that of rat liver by an increase in activity. However, it may be of significance that, whereas in liver the arginase-toarginine synthetase ratio is 300-1,000, in kidney it is in the neighborhood of 100, except in one case (protein-free diet), where it was 1,000. Distribution of rat kidney anzymes between cortex und medulla.
It has been previously suggested that rat kidney may be the source of endogenous arginine in the body (33). The high concentration of citrulline in the blood (33) would facilitate such a function.
The fact that the ratio of the activities of arginase to arginine synthetase in kidney is less than in the liver led us to inquire into the distribution of rat kidney enzymes between medulla and cortex. It appeared that, since a spatial separation of urea cycle enzymes was possible, if such existed, this might further implicate the kidney as an arginine-producing organ. Preliminary work resulted in some interesting observations and, therefore, the scope of investigation was broadened to include three physiologically unidirectional enzymes thought to be associated with gluconeogenesis and four enzymes believed to be associated with lipogenesis and glutamic-oxaloacetic transaminase (Table 3 ).
It appears that on a per-gram basis most of the phosphoenolpyruvate carboxykinase, fructose 1,6-diphosphatase, and glucose 6-phosphatase activity is found in the kidney cortex. The small amount found in the medulla may have been due to contamination.
The existence of these enzymes in kidney cortex could be deduced from the fact that kidney cortex slices can convert a number of substrates to glucose ( 17, 19, 28, 41) . Also, certain fructose-metabolizing enzymes (17) as well as glucose 6-phosphatase (26) have previously been shown to be located in the kidney cortex. It appears, therefore, that gluconeogenesis in the kidney may be restricted to the cortex.
Next we examined the distribution of four enzymes which in the liver appear to be linked with lipogenesis.
Of these four, the activities of three (glucose 6-phosphate dehydrogenase, 6-phosphogluconate dehydrogenase, and malic enzyme)
were equally distributed between cortex and medulla per gram of tissue. The fourth enzyme, however, L-cr-glycerophosphate dehydrogenase, seems to be concentrated chiefly in the cortex. Since kidney is not known as a site of extensive lipogenesis, it is not surprising that the activities of nicotinamide adenine dinucleotide phosphate (NADP)-linked dehydrogenases are much lower than in liver (4, 6). Also, since kidney appears to be able to utilize glycerol rather well ( 18, 29, 43) , it is very likely that in the kidney L-a-glycerophosphate dehydrogenase is associated with gluconeogenesis and this is reflected in the localization of this enzyme in the cortex.
Glutamic-oxaloacetic transaminase activity appears to be equally divided between cortex and medulla, although it seems that only the cortex has both the cytoplasmic and mitochondrial isoenzymes, while the medulla has only the cytoplasmic isoenzyme. This conclusion is based on the fact that the activity of the KC1 and water extracts differed only in the cortex. To the extent that we made no rigorous effort to isolate and to disrupt purified mitochondria, the interpretation that mitochondrial glutamic-oxaloacetic transaminase is located in the kidney cortex and absent in the medulla is only a preliminary indication subject to further experimental verification. Finally, it was found that the bulk of ornithine transcarbamylase and arginine synthetase activity is localized in the medullary region of the kidney, while kidney arginase activity is divided between the medulla and the cortex, which contains about half the activity in the medulla per gram of tissue. This is significant because due to the distribution of arginase between cortex and medulla and the localization of arginine synthetase in the medulla, the ratio of arginase-to-arginine synthetase activity in the medulla is approximately 40. Although it is yet to be shown that the kidney may be producing arginine for the rest of the body, it is much more likely to be the site of net arginine synthesis than the liver, because of the lower ratio of arginase over arginine synthetase.
DISCUSSION
The enzyme profile of rat kidney and the changes in enzyme levels during gluconeogenic conditions suggest that although the kidney is a gluconeogenic organ its spectrum of potential gluconeogenic precursors may be different than that of liver, especially with respect to amino acids. Thus, the absence of glutamic-pyruvic transaminase from the kidney is reflected in its inability to utilize alanine as a glucose precurser (3) and the absence of tyrosine-a-ketoglutarate transaminase and serine dehydrase suggests that the amino acid substrates of these enzymes (tyrosine, serine, and threonine) do not contribute significantly to glucose production B. SZEPESI, E. H. AVERY, AND R. A. FREEDLAND in the kidney, It should be noted that although there were previous indications that serine dehydrase (5) and glutamicpyruvic transaminase (3) are at or below the level of detection in the kidney, this present work indicates that these enzymes are noninducible in the kidney. We have sought to determine if the enzyme levels of kidney are altered during gluconeogenic conditions in a manner similar to the liver. A preliminary conclusion is that although there are many similarities the patterns of responses are not always similar. This conclusion was reached on the basis of the glutamic-oxaloacetic transaminase data (Table  2) 
